In general, kidney stones are crystal aggregates held together by an organic matrix, which contains mainly proteins. Little is known about possible differences in the protein distribution between different stone types that likely are critical to stone pathogenesis. Enrichment of highly anionic and highly cationic proteins was observed in calcium oxalate (CaOx) stone matrix compared to urine, suggesting a role for protein aggregation in this stone process. In this study, stone matrix proteins have been quantitatively identified in 3 archival uric acid (UA) stones, and compared to the distribution observed in 8 calcium oxalate stones using a previously reported method.
INTRODUCTION AND OBJECTIVES:
In general, kidney stones are crystal aggregates held together by an organic matrix, which contains mainly proteins. Little is known about possible differences in the protein distribution between different stone types that likely are critical to stone pathogenesis. Enrichment of highly anionic and highly cationic proteins was observed in calcium oxalate (CaOx) stone matrix compared to urine, suggesting a role for protein aggregation in this stone process. In this study, stone matrix proteins have been quantitatively identified in 3 archival uric acid (UA) stones, and compared to the distribution observed in 8 calcium oxalate stones using a previously reported method.
METHODS: Stone matrix proteins were isolated from 3 archival UA stone samples (>95% UA content) by dissolution in sequential washes with an EDTA/SDS solution at pH¼8 with dithiothreitol added. The solubilized proteins were combined, then concentrated and desalted by ultradiafiltration. Proteomic analysis was performed at the Medical College of Wisconsin Innovation Center using non-labelled, quantitative mass spectrometry methods, including only proteins with 2 or more peptide matches at >85% confidence, after removing keratin and redundant proteins.
RESULTS: Strong protein signals (>3,000 SC per sample) were obtained from each UA matrix protein sample identifying 342 unique proteins. Of these, 180 proteins were found in both UA and CaOx stone matrix, accounting for 81% of total protein mass of the former and 94% of the latter. Albumin and uromodulin were found in both stone types, but at lower relative abundance than these proteins are found in urine, suggesting non-selective inclusion of these highly abundant urine proteins. Important differences were that none of the 5 predominant proteins in CaOx stone matrix was prominent in UA stone matrix, and highly anionic proteins were not enriched in UA stones. Highly cationic proteins were slightly more prominent in UA stone matrix than in CaOx stone former urine, but much less than observed in CaOx stone matrix. Nuclear proteins were much less strongly represented in UA stone matrix. Conversely, immunoglobulins and complement proteins were predominantly enriched in UA stone matrix and less prominent in CaOx stones.
CONCLUSIONS: Stone matrix proteins exhibit distinctly different patterns in UA compared to CaOx stones, implying different underlying pathogenesis. In particular, UA stone formation appears to be more dependent on inflammatory pathways and less dependent on cell injury processes and polyanion-polycation association compared to CaOx stone formation. Cystinuria is a recessive disorder characterized by impaired tubular reabsorption of cystine and dibasic amino acids. Some studies in the literature have shown mutations in the SLC3A1 gene associated with type A cystinuria that follows a complete recessive inheritance in half of the cases. The other half has been related to mutations in the SLC7A9 gene considered responsible for cystinuria type B presumably inherited by an incomplete dominant manner. Considering the paucity of studies on the genetic basis of cystinuria, we performed genome-wide human SNP array, aiming to find some single nucleotide polymorphisms (SNPs) related to cystinuria development. To confirm the microarray results we performed PCR (Polymerase Chain Reaction) searching for five SNPs that we found related to the disease and two others reported in the literature.
METHODS: DNA samples from peripheral white blood cells were extracted from eight patients with cystinuria and 10 healthy subjects with no renal calculi that composed the control group. The SNPs were genotyped using a TaqManâ SNP Genotyping Assay Kit.
RESULTS: The homozygote polymorphic genotype of SNP rs17383719 in gene PBX1 was significantly more frequent among cystinuric patients (p¼0.015). The occurrence of the polymorphic allele for this SNP was associated with a 3-fold increased risk of cystinuria (p¼0.036). The polymorphic alleles of SNPs rs913034 and rs7096453 (SVIL) were more frequent in the control group (p¼0.04 and p¼0.08, respectively). We did not detect polymorphic homozygote genotype in the SNPs for SLC7A9 (rs140134166) and SLC3A1 (rs200248046) genes.
CONCLUSIONS: This is the first study describing genetic variations in patients with cystinuria. The most important finding was the 3-fold increased risk for the development of the disease for the SNP in the PBX1 gene. PBX1 (Pre-B-cell-leukemia transcription factor 1) is a member of a transcription factors family associated with kidney development, but there are no studies in the literature associating this gene with nephrolithiasis. We postulate that the presence of SNP may change the gene expression of PBX1 affecting the renal absorption of cystine and other amino acids predisposing to nephrolithiasis. However, the prevalence of type A and type B cystine stones has not been evaluated. We aim to clarify the prevalence of type A and type B cystine stones by employing a genetic approach.
METHODS: We have accessed the 1000 Genomes Database Phase 3 (1KG) for identification of variants in the general population. To identify pathogenic mutations, we parsed the Human Gene Mutation Database (HGMD). SLC3A1 and SLC7A9 variants procured from both databases were intersected. Homozygotes, compound heterozygotes, multiple variants in cis or trans, double homozygotes, and double heterozygotes were examined. Related individuals were excluded.
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